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BU3HAUYEHHHS ®YHKIII HEPEJIAYI MOJYJISIIII ONTUYHOTO IMEPEJABAYA
ITPU HAABHOCTI IOXUBOK BA3YBAHHS JIA3EPHOT'O BUITPOMIHIOBAYA

Y po6omi 3a donomozoto MamemamuyHo20 MOOeABAHHS NPOBOOSIMbCSl JOCAIONCEHHST 8NUBY MUNOBUX NOXUOOK
6a3y8aHHs1 /1a3epHO20 BUNPOMIHIOBAYA HA PYHKYII0 nepedaui modysiyii onmuyHo20 nepedasaya, AKUll BUKOPUCMOBYEMbCS
YV B0/I0KOHHO-ONMUYHUX IHISX 368’S13Ky ma 80/0KOHHO-ONMUYHUX 0amyuukax (i3UuYHUX eeauqUH. Yeaza npudineHa MOXCAUBUM
PO3OKYCy8aHHAM | OeyeHmpy8aHHAM /A3epHO20 BUNPOMIHI08aYa. [l1s nposedeHHs 00CAidxceHb BUKOPUCMO8Y8a/1aCh
npoepama ZEMAX. Ilo pesysabmamax docaidxiceHb HadaHi pekomeHdayii wjo do donycmumux noxubok 6a3y8aHHs 1a3epHO20
B8UNPOMIHIOBAYA 8 NPUCMPOT ONMUYHO20 hepedasayid npu MOoNHCAUBUX 3HAUEHHS] 3MeHWeHHs1 PYHKYIi nepedaui modyasyii.

Kawuoei caoea: onmuuHuili nepedasay, .1asepHull eunpomiviosad, ¢PyHkyis nepedaui modyasyii, noxubku
6a3y8aHHSI.
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DETERMINATION OF THE OPTICAL TRANSMITTER MODULATION
TRANSMISSION FUNCTION IN THE PRESENCE OF LASERS EMITTER

The most acceptable form of transmission of information over the fiber-optic line is its encoding in the form of rectangular pulses.
In most cases, a semiconductor laser diode is used as a radiation source, and a single-mode fiber is used as a light guide. The main cause of
energy losses in this node is the mismatch of the apertures of the laser diode and the fiber used to propagate the signal. In fiber-optic
information systems, where the signal is modulated by the supply voltage, it is important not only to reduce energy losses, but also to
transmit the signal to the fiber with minimal distortion. The most effective means of estimating the effect of the optical system of input of
radiation into the optical fiber on the degree of distortion of the transformed signal is the use of Fourier transform of the signal with
subsequent analysis of its frequency characteristics. Considering the node of the optical transmitter as one of the links of fiber-optic
information systems, we conclude that it is necessary to study its frequency characteristics, namely its modulation transmission function. The
modulation transfer function of this node depends on the design parameters of the input system. Errors in basing the radiating plane of the
laser diode relative to the cardinal points of the optical system for inputting radiation into the optical fiber also have a significant effect on
the modulation transmission function. Such errors include defocusing and angular and transverse decentering. Calculations of aberrations
with subsequent determination of the scattering function and the use of fast Fourier transform for the calculation of FPM, as well as the
calculation of FPM were performed using the program ZEMAX. The research allowed to obtain results characterizing the frequency
properties of a typical optical system of laser diode radiation input into a single-mode optical fiber. It is established that the most stringent
requirements (at the level of several microns) should be set before the possible defocusing of the radiating plane. Possible transverse
decentering is limited to ten fractions of a millimeter, and ultimately its value is determined by the allowable vignetting of the radiation flux.

Keywords: optical transmitter, laser emitter, modulation transmission function, basing errors.

IHocTanoBka npodjaemMn

Haii6inpin nmpuitaTHoO (dopMoro nepeaadi iHGopmallii mo BOJOKOHHO-ONITHYHIN JiHII € KOxyBaHHA ii y
BUIVIAAI TPAMOKYTHHX iMmmynbciB. [Ipw mpoMy B OLIBIIOCTI BHUIANKIB Y SKOCTI JDKEpesia BUIIPOMiHIOBAHHS
BUKOPHCTOBYEThCS HAIIBIIPOBIIHUKOBUI JIa3epHUII BHUIIPOMIHIOBAY, a B SIKOCTI CBITJIOBOJA — OJHOMOIOBHIA
cBiTOBOA. OCHOBHOIO NPUYHHOIO EHEPreTHYHMX BTpPAT y IIbOMY BY3JIi € HEBIIIMOBINHICTH amepTyp JIa3epHOTO
BUIIPOMIHIOBaYa Ta CBITJIOBOJY, 110 BUKOPUCTOBYETHCS JUIsl PO3IIOBCIO/PKCHHS CUTHAITY.

VY BomokoHHO-onTHUHUX iH(popMamiitHux cuctemax (BOIC), me monymsmis curHamy BinOyBaeThCs 3a
JIOTIOMOT'010 JKHBIIIOYOI HANpyru, BaXJIMBO HE TUIBKM 3MEHIINTH €HEPreTHYHI BTpaTH, ajie i mepeAaTH CUTHAI y
CBITJIOBOJT 3 MiHIMAJTbHUMH CIIOTBOpEeHHAMH. HalOimbI epeKTHBHUM 3aCO00M OIIHKHM BIUIMBY ONTUYHOI CHCTEMH
BBOJIy BUIIPOMIHIOBAHHS y CBITJIOBOJ Ha CTYIIiHb CIIOTBOPEHHS CHTHANY, IO TPaHC(HOPMYETHCS, € BUKOPHCTaHHS
@yp’e-niepeTBOPEHHs] CHTHATY 3 MOAANBIIIM aHali30M HOro YacTOTHHX XapaKTepUCTHK, a came Horo ¢yHKUil
mepenaui Moxymsmii  (@IIM). ®IIM mporo By3na 3alie)kKHTh BiJf KOHCTPYKTHBHHX ITapaMETPiB ONTUIHOTO
nepenaBaya. CyrreBuii BB Ha OIIM MaroTh Takox MoxuOku 0a3yBaHHS BUIIPOMIHIOIOYOI IJIOIIMHM J1a3€pPHOTO
BUIPOMIHIOBAaYa BiIHOCHO KapAWHAIBHUX TOYOK ONTHYHOI CHCTEMH BBOJY BUIIPOMIHIOBAHS Yy CBITIOBOJ. Jl0 Takmx
MOXMOOK IepII 3a BCE BIIHOCATHCS PO3(OKYCyBaHHS Ta KyTOBE 1 IOIepedyHe JeueHTpyBaHHs. IIpoaHarizyemo
BILIHB MOXHOOK Oa3yBaHHS ja3epHOro BulipomiHoBaua Ha OIIM onrtuyHoro nepemasada. I{e m1acTh 3MOTry BUSBHTH
HaHOLIBII Ai€Bi TOXHOKK Ta c(HOPMYITFOBATH BUMOTH JI0 TOYHOCTI 0a3yBaHHS JIA3EPHOTO BUIIPOMIHIOBAYA.

AHaJi3 ocTaHHIX JKepen
B poboti [1] 3amponoHoBaHMiI NPUCTPiH U1 KOHTPOJIO CIIEKTPAIBHUX XapaKTEPUCTHUK CBITIOBOMIB 3
BUKOPHUCTAaHHAM 1HTETPAbHO-ONTHYHOIO CIHEKTpoaHami3aropa. B poGoTi [2] po3risiHyTi NMUTaHHS BHU3HAYCHHS
SHEepreTHYHUX BTpaT B KoHekTopax [yt BIOC, 00yMoBiIeHNX TOXNOKaMH B3a€EMHOT'O PO3TAIyBaHHS CBITIOBO/IIB.
Metoro poGoTm €: aHaymi3 BIUIMBY TOXHMOOK Oa3yBaHHs Ja3epHOr0 BHUIPOMIHIOBaYa HAa CIIOTBOPEHHS
CHUTHAJy ONTHYHHM IIepelaBadeM, 3a JIOTIOMOTOI0 SKOro repenaerses iHdopmamis B BOIC. 3a kpurepiit  sKocTi
ONTHYHOIO Nepenasayda npuiiHsra oro GIIM.
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BukJjiag ocHOBHOTo Martepiajiay

Sxmo BBaxkatu enementd BOIC miHIHHAMY JTaHKaMU, TO YaCTOTHUI BHTIISA CUTHATY HA BHXOJI CHCTEMU
MOXKHA 3HaWTH K 100yToK MII® nux enementiB. BBakatouun Ha 1ie, Bu3Ha4eHHs MII® onTuyHOro repenaBaya sk
omuoro 3 eneMeHTiB BIOC e akryampHOIO 3amadero. B CBOIO uepry sKicTh CHTHaIy C(OPMOBAHOTO ONTHIHHM
mepeiaBayeM 3ajexkarh Bia abeparliii ONTHYHOI CHCTEMHU IepeaBaya, a TaKoX MOXMOOK Oa3yBaHHsI JIA3€PHOTO
BHITPOMIHIOBAaYa BiTHOCHO €JIEMEHTIB Oro ONTHYHO! CHCTEMH.

Aoleparlii BH3HAYAIOTHhCS 3HAYCHHSIMU HOMIHAJIBHUX KOHCTPYKTHBHHX MApaMETPIB CJICMEHTIB ONTHYHOI
CHUCTEMH TiepelaBaya, /O CKJIaly SKHX BIIHOCHTBCS 1 Ja3epHUi BuUnpominioBad. [lomepeyne 1 KyToBe
JICIICHTPYBAHHs ONTUYHHUX MTOBEPXOHb BIJHOCHO JPKEpEia BHIIPOMIHIOBAHHS 00YMOBIIOE TIOSBY abepalriii KoMu Ta
acTUrMaTu3My Apyroro mopsaky. Ciif BiA3HAYUTH, [0 AaCTUTMATH3M CTa€ IOMITHHM JIMIIE MPH 3HAYHHX
JIEIICHTPYBAHHSIX, SKi PIIKO 3YCTPIYAalOTHCSA Ha MPAKTHUII MPOCKTYBAaHHS ONTUYHUX rnepenaBadiB it BOIC i Tomy
HOro y mpoBe/IeHUX JOCIIKEHHIX HE BPaXOBYBaJIH.

Aolepariist KoMa, 110 BUKIIMKaHA TOMIEPEYHNM JICIICHTPYBAaHHIM, 0OUHNCITIOETECS 13 CIiBBiAHOMEHHS [3]:

, Sci , u=i+p—1 % A
og, = _W3Gk2 ; (Bn )#(Sl )# _(ABn )y :?111_ (a‘n )#(SH)/; + (A a, )# :S:z R (1)

ne d¢i — momepeyHe NCICHTPYBaHHsI, TOOTO 3CYB LIEHTPY KPUBU3HU MOBEPXHI 3 HOMEpOM L; S;, Sy — KoedilieHTn
chepudHOi abepariii i KOMU; o, 3 — KyTH 1- i 2-r0 Hy/TbOBUX IPOMEHIB; W — KyTOBE 301IBIIICHHS ONTHYHOI CUCTEMH,

. . ’ o . .
110 po3MilICHa 3a JOCIP)KYBAaHOKO IMTOBEPXHEIO, Gk __ anepTypHUM KyT OITUYHO1 CUCTEMH Yy IIPOCTOP1 306pa)K€HI);

I’l,k — IIOKa3HHUK 3aJIOMJICHHA CKJIa B HJ'IOHII/IHi 306pa>1<eHH51 3a k-10 IMMOBEPXHCIO.

[Ipu kyTOBOMY HIernieHTpyBaHHI Ha KyT 00; oTpuMaemo [3]:
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BB nedokycyBannst A na ®IIM BH3HAYa€eThCs 3 CHIBBIIHOMIEHHS [4]:

T(R,A)= nia cosaR{0J,(a)- f% sin(2120)x
n=1

4 === 3)
V@)L @l sin kS U inf(an + o)
n=0

x [JZn (a)— J2n+2(a)],

8 .
e a= (Tn) IR; O=arccosR; [ = (A sin” o, )/2 — XBHJILOBA abeparis;

A — nedokycyBaHHS, MM;

' . . .
G , — alepTyPHUH KyT ONTHIHOI CHCTEMH y IIPOCTOPi 300paXKEHB;

R — BiHOCHA MPOCTOPOBA YacTOTa, 1O A0piBHIOE R = X( f'/ D)V! ;
D — niameTp BXimHO{ 31HHHII ONTHYHOI CHCTEMH;

A — IOBJKMHA XBHIII;

f~ — dokycHa BiicTaHb ONTHYHOI CHCTEMH.

AmHami3 BIUMBY oxuOOK 0azyBaHHS BUIpoMiHioBawa Ha PIIM onmTryHOTO IepesaBada MPOBOIUBCS IS
CHCTEMH, pO3paxoBaHOi Ha MiHIMYM cdeprnunoi abepariii npu ii HOMiHAIFHUX KOHCTPYKTHBHUX mapamerpax. Cxema
CHCTEMH, IO JIOCHI/PKyBaacs, HaBeJleHa Ha puc. 1. OnTtuuHui nepenaBay BKIIOYAE JIa3epHUN BUIPOMiHIOBaY 1,
3aXHCTHE CKJIO KOPIIyCy JIa3epHOTO BUIIPOMIHIOBaYa 2, TpajieHTHY JH3Y 3, JiH3Y 3 OAHOpigHOro ckma 4 Ta
CBITJIOBOZA 5.

Po3paxynku abepartiit 3rigHo cmiBBigHOmEeHS (1,2), 3 mociayodiM BU3HAUYEHHIM (PYHKIIT po3citoBaHHS i
BUKOpHCTaHHSAM mBHIKOro @yp'e-neperBopenns s obumcnenHs PIIM, a rtakox obOumcienns OIIM i3
criBBiHOMIEHHS (3) IpoBoAMIIKCS 32 ToTToMOroto porpamMu ZEMAX.

HomiHanbHI KOHCTPYKTHBHI TapaMeTpH JIiH3 CHCTEMH BBOJYy BUIIPOMiHIOBAaHHS HaBeleHi y Ta0mumi 1.
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L1

Puc. 1. Cxema onTHYHOrO nepejaBaya

NN

IIpu minimymi cepuunoi adepauii cucrema, 0 po3riisanacs, Majia TaKi XapaKTepUCTUKHU:

a) BiICTaHb Bi/l BANPOMiHIOIOYO0I NJIOLIMHHU /10 TPaieHTHOI Jin3u L, = 0,7 mm;
0) cBiTa0BHii giameTp din3 D = 3,6 mm;
6) YMCJIOBA aNepTypa Ja3epHoro Bunpominosaya NA =0,2;

2) PO3NOJIiJ OKA3HMKA 32JI0MJIEHHS B IpafienTHiill Jin3i n(r) = ns[1-(gr)’+h,(gr)*+hs(gh)’], ne ny — nokasHuK 3a10MJIeHHS Ha oci,
ny=1.5857; g, hy, h— xoediunienTn po3noainy nokasHuka sajomieHus, g = 0,0755; h,=13,0; hs= 627,05 r — paaiyc-BeKTop.

Tabmmms 1
KoHcTpyKTHBHI NapaMeTpH ONTHYHOI CHCTEMH ONTHYHOTO NepegaBaya

7, MM d, MM n
o0 6,37 1,5857"

—3,225 0,1 1,000

5,000 13,18 1,7096
e}

*Ha oci TPaIi€eHTHOI JIIH3H.

Ha puc. 2—4 npuseneni orpumani 3anexnocti 3Minn @IIM Bix neokycyBaHHs, KyTOBOTO Ta MOMEPEIHOTO

JCIIEHTPYBaHb BiAMOBIIHO, ISl MPOCTOPOBOI YacToT U '=25 1/MM.

03 1
021
011
0 + + + + + + + + +
(e} o w - wn o wn - w0 N ‘el
& ] 2 b ] 3 s 2 ] &
S S S = S =] = ) = S
s ' ] ' < S ° s
HedokycyBaHHs A, MM
Puc. 2. 3anexuicts ®IIM Bin nedoxycyBanHs
09
0,895 1
089
0,885
0,88 :

25

KyToBa aeueHTpupoBka a, °

Puc. 3 3anexnicrs ®IIM Bix KyTOBOIo IelIeHTPYBAHHS
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0,895

0,885

0 0,05 01
MonepetiHa AeUEHTPUPOBKE C, MM

Puc. 4. 3anexnicte ®IIM Bin nonepevyHoro AeneHTpyBaHHS

BucHoBku
1. YacToTHa XapaKkTEepUCTHKA ONTHYHOTO IIepelaBaya B 3HAYHIM Mipi 3aleXHTh Big TOYHOCTI
TIOB3/IOBKHBOTr0 0a3yBaHHs BUIIPOMIHIOIOUO]I ILIOLIMHY Jla3epa. Tak, HalpuKiaja, Ha POCTOpoBil yacToti V =25 1/MM

. . . AL, 0025 . .
NP BiOHOCHIN moxmOmi Oa3yBaHHS L—I: 07 ~ 0036 OIIM 3MeHIIyeThCS MPOMOPIIIHHO CITiBBiTHOIICHHIO
1 .
7,(25) . . -
ﬂ= 2,3. Ilpn nedoxycyBaHHAX pisHOrOo 3HaKy BHA 3MiHM ¢(yHKUii T (O') memo BiApi3HAETHCS, IO
T,\25

MOSICHIOETHCS 3MIHOIO YHCJIOBOI alepTypH IydKa MPOMEHIB, 10 BAKOPHCTOBYETHCS CBITIIOBOJIOM.

2. 3anexnicts 3MiHE OIIM Bij KyTOBOTO JElEHTPYBaHHSI HE3HAYHA 1 MPH MOXKJIMBHX KyTOBHX TEXHOJIOTTYHHX
noxuOKax 0a3yBaHHS IUIOLIMHY, 10 BUIIPOMIHIOE, KyTOBUM JCLICHTPYBAHHIM MOKHA 3HEXTyBaTH. Tak, HalpHKIaz, IIpu
HaxXWIi TUIOHIMHA BUIIPOMIHIOBAHHS BIIHOCHO IUTOIIMHY, TEPIEHIUKYIIIPHOI ONTHYHIN OCl, Ha KyT o = 5° oTpHUMaeMo

7,(25)

7,(25)

~1.007 . 3mina ®IIM Bix KyTa HAXMIly Ma€ CIMETPUYHUN BUTJIAL 1 HE 3aJIEKUTD Bill HATIPSAMKY HAXHITY.

3. BiuB momnepedHux neueHTpyBaHb Ha 3MiHy @®IIM crae 3Ha4YHUM, KOJNM BiJHOCHE JELICHTPYBAHHS

. To(25)
nopiBaioe ¢/ D =0.1. Ilpu upomy ~158.
7,(25)
4. Slkmo y cxemi, 10 AOCIIJDKY€EThCS, 0OMEKUTH MOXIHUBY 3MiHy PIIM BHaCiIOK BHHUKHEHHS TTOXUOOK
To(25)

Ty 0c(29)

3a3epHOro BUIIPOMbIHIOBada BenuuuHamu: A =— 0,0063 mm 110 + 0,0055 mm; o =9,78°% ¢ = 0,168 mMM.
[Momanemi mociimkeHHs OyAyTh CIPSIMOBaHI Ha BU3HAYCHHS CIIOTBOPEHD ONITHYHOTO CUTHANTY Y CBITIIOBOII
BOJIOKOHHO-ONITHYHO] iH(OpMaIiifHoi cucTeMu.

0a3yBaHHSI BIJHOCHOIO BEJIMYHHOIO =105, To noTpiOHO OOMEXHTH 3HAYEHHsS INOXHOOK Oa3zyBaHHSI
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